(TBA = tetrabutylammonium ) were immobilized on graphene oxide (GO) nanosheets by taking advantage of the high lability of the apical bromide ions with oxygen-functionalities of GO nanosheets. The loading of Mo 6 clusters on GO nanosheets was probed by Fourier-transform infrared (FTIR) spectroscopy, X-ray photoelectron spectroscopy (XPS), high resolution transmission electron microscopy (HRTEM) and elemental cluster-based compounds provide immense potential for nanoarchitectonic and photocatalytic applications [26] . Recently, Boukherroub et al. have demonstrated that nanocomposites of Mo 6 clusters, gold nanoparticles and GO exhibited very high photocatalytic activity for the degradation of rhodamine B under visible light irradiation. In these photocatalysts, the Mo 6 cluster absorbs the incident photons and initiates the photocatalytic process [24] . The Mo 6 clusters as homogeneous catalyst could also afford photo-reduction of CO 2 into methanol induced by visible light. However, the need of sacrificial donor and non-recyclability of these clusters make the catalytic process expensive [27] .
Due to the rising concentration of CO 2 and the depletion of fossil fuel reserves, there is considerable interest in the development of alternative energy sources [28] [29] [30] . Conversion of CO 2 into hydrocarbon fuels utilizing the abundant solar energy can provide a viable solution for both problems simultaneously [31] [32] . In this regard, a number of heterogeneous catalysts including metal oxides, sulphides, nitrides and oxynitrides have been investigated for CO 2 reduction, albeit lower quantum yields and poor selectivities are the major drawbacks [33] [34] [35] . Molecular catalysis, particularly, based on transition metal complexes, such as rhenium(I) bipyridine, ruthenium(II) polypyridine carbonyl, cobalt (II) trisbipyridine, and cobalt (III) macrocycles in combination with a photosensitizer have been considered to be high performance photocatalysts for CO 2 reduction with relatively high quantum yield and high selectivity of products [36] [37] [38] [39] . However, the homogeneous nature and non-recycling ability of these catalysts make them impractical from economical as well as environmental viewpoints. This problem can be overcome by anchoring these complexes to photoactive supports, which not 4 only provides facile recovery of the catalyst, but also photoactive support and complex may work synergistically for better electron transfer to CO 2 [40] [41] . In a recent report, we have demonstrated the photocatalytic activity of Mo 6 clusters for the photoreduction of CO 2 using triethylamine as the sacrificial agent [27] . However, non-recycling ability of the photocatalyst and need of sacrificial donor (triethylamine) was recorded by using energy dispersive spectrometer (EDS) coupled with FESEM. UV/Vis spectra were measured on a Hitachi U-2900 UV/Vis spectrometer with a path length of 1 cm using quartz cuvettes.
Photocatalytic Reduction of CO 2
Photocatalytic reduction of CO 2 was carried out using GO-Cs 2 Mo 6 Br Blank reactions were conducted to ensure that methanol production was due to the photo-reduction of CO 2 and to eliminate surrounding interference. For the determination of gaseous products, 20 µL sample was withdrawn and analyzed with the help of GC-TCD and GC-FID (Agilent 7890A GC system) equipped with RGA (refinery gas analyzer) capillary column; flow rate (H 2 : 35 mL/min, air: 350 mL/min, makeup flow: 27 mL/min, for TCD reference flow: 45 mL/min, Helium flow: 2mL/min), injector temperature: 220°C, TCD detector temperature and FID detector temperature: 220°C.
Results and discussion

Synthesis and characterization of catalyst
The chemical and structural features of GO and its composites i.e. GO-Cs 2 Mo 6 Br (Figures 3 and 4) . The high-resolution C 1s spectrum of GO exhibited an overlapped double peak structure with small tail at higher binding energy attributed to different types of oxygen containing functional groups in the GO scaffold. The peak-fitting of C 1s spectrum of GO can be deconvoluted into five chemically-shifted components (Figure 3a ).
The C 1s peak centered at 284.9 eV as a major component of GO scaffold is attributed to C-C/C-H carbons.
The peak at relatively lower binding energy (284.0 eV) is due to C=C carbon and suggests the presence of unoxidized domains of sp 2 carbon. Three additional overlapped components at 286.8, 288.6 and 289.5 eV are assigned to the hydroxyl/epoxide (C-OH/C-O-C), carbonyl (C=O) and carboxyl (COOH) functional groups, respectively [44] [45] . Figure 3 indicates that all characteristic peaks of C 1s spectra remained intact, when Mo 6
clusters were immobilized on the GO nanosheets and no significant changes were observed. Furthermore, the loading of Mo 6 clusters onto GO nanosheets was deduced by appearance of additional peaks at 724. Figure S2a,b) . For GO, a characteristic absorption band at 227 nm due to π→π* transition of discrete units of sp 2 carbon conjugated network and a small hump at 300 nm due to n→π* of carbonyl groups were observed. Immobilization of Mo 6 clusters to GO enhanced the overall absorption pattern as shown in Figure S2 .
In order to confirm the visible light absorption, we calculated the band gap of GO, Cs 2 Mo 6 Br Gaseous reaction products were analyzed by GC-FID and GC-TCD and confirmed that there was no gaseous product such as H 2 , CO, CH 4 formed during the photoreduction of CO 2 . As methanol was obtained as the only product from CO 2 photoreduction under the described experimental conditions, so the catalytic selectivity (CS) A plausible mechanism for the CO 2 photoreduction to methanol using GO immobilized Mo 6 clusters as catalysts on the basis of their band gap is illustrated in Figure 9 . 
